Abstract Cement augmentation using PMMA cement is known as an efficient treatment for osteoporotic vertebral compression fractures with a rapid release of pain in most patients and prevention of an ongoing kyphotic deformity of the vertebrae treated. However, after a vertebroplasty there is no chance to restore vertebral height. Using the technique of kyphoplasty a certain restoration of vertebral body height can be achieved. But there is a limitation of recovery due to loss of correction when deflating the kyphoplastic ballon and before injecting the cement. In addition, the instruments used are quite expensive. Lordoplasty is another technique to restore kyphosis by indirect fracture reduction as it is used with an internal fixateur. The fractured and the adjacent vertebrae are instrumented with bone cannulas bipediculary and the adjacent vertebrae are augmentated with cement. After curing of the cement the fractured vertebra is reduced by applying a lordotic moment via the cannulas. While maintaining the pretension the fractured vertebra is reinforced. We performed a prospective trial of 26 patients with a lordoplastic procedure. There was a pain relief of about 87% and a significant decrease in VAS value from 7.3 to 1.9. Due to lordoplasty there was a significant and permanent correction in vertebral and segmental kyphotic angle about 15.2°and 10.0°, respectively and also a significant restoration in anterior and mid vertebral height. Lordoplasty is a minimal invasive technique to restore vertebral body height. An immediate relief of pain is achieved in most patients. The procedure is safe and cost effective.
Introduction
Vertebral compression fractures (VCF) are frequent and constitute a common and often debilitating feature of osteoporosis. The incidence of vertebral compression fractures rises with increasing age [25, 29] . Due to increasing elderly population the treatment of vertebral compression fractures becomes more and more important [5, 15, 23, 33, 34, 36] . The lifetime risk of a clinically diagnosed vertebral compression fracture is about 15% in white women [7] .
The treatment of vertebral compression fractures related to osteoporosis has been changed during the last 10 years: cement augmentation with a vertebroplasty stabilizes the fractured vertebra and also offers an immediate relief from pain in most patients [17, 24, 31] .
Vertebroplasty has gained popularity during the past years for the treatment of osteoporotic compression fractures. Several reports document its usefulness in addressing pain and preventing of further collapse and preservation of posture. Rapid regression of pain has been found in 80-90% of treated patients with a long-lasting effect at a similar rate [5, 9, [19] [20] [21] 32] . Despite the high success with vertebroplasty, it does not address the associated spinal misalignment as it freezes the deformity. The spinal deformity leads to an increase in kyphosis and consequently to pulmonary and gastrointestinal problems [35] . There is also an increased risk of further osteoporotic fractures of the adjacent vertebrae after a first vertebral fracture [10, 22, 26] . The restoration of the height of the vertebral body and the lordosis of the segment cannot be sufficiently achieved using vertebroplasty [3, 13, 30] . One way to restore the height and the lordosis by reducing the fractured vertebra is by performing a kyphoplasty since it is known that a loss of lordosis encourages further vertebral compression fractures due to the overloading of the anterior column of the spine. However, the restoration of the kyphotic vertebra remains limited up to 6-9°due to a loss of reduction when removing the inflatable bone temps and before performing the cement augmentation during the Kyphoplasty procedure [18] .
Lordoplasty is a minimally invasive technique to restore the vertebral body's height and stabilize it using PMMA cement in this position.
Patients and methods
From October 2002 to September 2004, 36 patients (11 m/25 f) were treated with a lordoplasty for osteoporotic VCF in our institution. We performed a prospective non-randomized study on these patients. Inclusion criteria were compression fractures type A1 and A2 with a kyphotic angle of >15°, persistent pain leading to hospitalization or immobilization for more than 3 weeks. To investigate the clinical course all the patients had to fill in a visual analog scale (VAS) ranged from 0-10 preoperatively, after 8 weeks and at the follow up examination at least 10 months postoperatively.
In addition we performed plan x-rays relating to fractured part of the spine in the ap and lateral view preoperatively, 8 weeks postoperatively and at the follow up examination. The following data were obtained concerning the fractured vertebra: vertebral kyphotic angle, segmental kypotic angle and the vertebral body's height.
For the statistical evaluation of the results we used the programme SPSS for Windows (SPSS Inc., Chicago, Illinois, USA), version 12.0. Mean value and standard deviation were calculated for all values. Significance was calculated using the Wilcoxon and Mann-Whitney test. The significance level was taken as P < 0.05 for all values.
Surgical technique
The principle of the surgical procedure is based on the indirect fracture reduction as it is used with internal fixation and relays on the principle of ligamentotaxis. The adjacent vertebrae are therefore instrumented with the filling cannulas bipedicularly together with the fractured one.
The patient is in a prone position in hyperextension on a radiolucent operation table. The procedure is preferably done in general anesthesia since the closed reduction and application of a lordotic moment while performing the procedure remain painful for the patient. In addition to this the vital signs can be monitored better using general anesthesia. Lordoplasty can also be performed under local anesthesia but the topics mentioned above have to be taken into account ( Fig. 1) . First the reduction due to the prone position is documented using a C-arm in lateral view. After stab incision, K-wires of 2 mm in diameter are placed into both pedicles while using C-arm in ap view (Figs. 2, 3 ). When attaining the medial border of the pedicle the C-arm is changed to a lateral view to check that the tips of the K-wires are just in front of the posterior wall of the vertebral body. Then bone biopsy needles (TrapLok TM Bone Marrow Biopsy Needle, InterV-MD Tech, Gainesville, USA), sized 8 ga are placed within the middle of the vertebral body. After removal of the K-wires a vertebroplasty of the adjacent vertebrae is performed using PMMA cement controlled with a C-arm in a lateral view. The surgical technique follows a strict procedure [1] . The cement is only injected at an adapted viscosity [4, 27] . It is important to realize that the trocar needs to be inserted, which adds a further 1 cc of cement. Without the trocar the cannula will kink. After the placement of the trocar the cannulas are advanced about 5 mm to be completely set in the cement (Fig. 4) .
When the cement has cured, the fractured vertebra is reduced by applying a lordotic moment via the cannulas. The cannulas are held in place either with a pointed reduction forceps (Weber type) or by transconnecting the cannulas with a blunt trocar (Fig. 5) . This allows to apply and maintain a lordotic moment on the fractured vertebra (Fig. 6 ). The amount of force applied depends on the elasticity of the cannula-trocar system used. (This is part of an ongoing study). It is possible to additionally perform a kyphoplasty procedure in selected cases in order to improve fracture reduction. While the pretension is maintained the fractured vertebra is reinforced. When the cement is cured the cannulas are released and removed.
Results
About 26/36 patients [6 males/20 females, 71.5 (56-86) years] received a follow-up examination on average 15.1 months (10-24) after the operation. Three patients died during the follow-up for reasons not related to the surgical treatment, one was lost to follow-up due to removal, two patients have had an open reduction-internal stabilization due to a persistent segmental instability and four patients resisted the follow up examination. The lordoplasties were mainly performed on fractures of the thoracolumbar junction.
In three patients we performed lordoplasties at two levels ( Fig. 7) . Eight patients were operated with local anesthesia and 18 patients with general anesthesia. The operating Prior to operation the patients had a history of pain for about 48 (2-360) days. Due to surgical procedure there was a relief of pain of about 87% and a significant decrease in VAS value from 7.3 preoperatively to 2.4 (P < 0.001) 8 weeks later and to even 1.9 (P < 0.001) after 16 months. After lordoplasty there was a significant and permanent correction in vertebral and segmental kyphotic angle up to follow up examination of about 15.2°( P < 0.001) and 10.0°(P < 0.001), (Table 1 ). Due to resting in a prone position on the operation table there was a significant amount of spontaneous restoration in vertebral and segmental lordosis of about 8.2 ± 5.9°( P=0.008) and 15.3 ± 12.4°(P=0.008). After lordoplasty there was a further significant increase in vertebral lordosis of about 5.9 ± 5.9°(P=0.024).
Due to the lordoplastic procedure there was a significant restoration of the anterior vertebral border of about 11.0 ± 5.7 mm (P < 0.001) and the mid vertebral height of about 8.8 ± 5.6 mm (P < 0.001). Since osteoporotic fracture results mainly in kyphotic deformity or collapse of the mid vertebral height the restoration of the posterior vertebral border was not significant (1.8 ± 5.5 mm), Table 2 .
We also performed a worst case scenario statistics, since we lost 10/36 patients during the follow-up period due to the reasons mentioned above. Therefore, we replaced both minimal and maximum values whenever the measurement was incomplete in follow up and performed statistical calculation again. There was no significant difference between the calculation for the 26 patients with follow-up examination and the worst and the best case scenarios except for the restoration of the posterior vertebral border, Tables 3 and 4 .
The following complications were seen: one patient complained of passing radicular symptoms most probably caused by foraminal nerve root compression during the reduction maneuver. In one patient we had to change from local to general anesthesia because the patient experienced excessive pain. One patient presented with a fracture of an adjacent vertebra 4 weeks after lordoplasty, this vertebra was augmented by a vertebroplasty without any further trouble. Two patients developed a segmental instability of the adjacent segments and had to be therefore treated with an internal stabilization and spondylodesis.
There was no major complication during the application of the cement, such as pulmonary embolism or leakage into the spinal canal. Fig. 9 A 70-year-old female patient: lordoplasty performed on a vertebral compression fracture of T12: cement leakage into cranial disc (no clinical symptoms)
Discussion
Osteoporotic VCFs are the major cause for back pain in the elderly. Even though only about one-third of all fractures comes to clinical attention [6] , the VCFs have major aftereffects on the patients' physical function, quality of life and survival. Due to the increasing age of our population, the rate of osteoporotic fractures is expected to triple over the next 30 years [38] .
The objective target in treating VCFs is a relief of pain and the restoration of spinal function with a minimal invasive therapy. The ideal treatment should result in an immediate relief of fracture-related pain and a durable restoration of vertebral body height and correction of angular deformity. Various publications show the benefit of kyphoplasty in pain reduction and restoration of the lordosis [13, 17, 24, 28, 31] .
Both vertebroplasty and kyphoplasty lead to immediate pain relief because of the broken vertebra is stabilized and further deformity prevented [3, 9, 17] . Characteristic complications such as cement extrusion and pulmonary embolism are less likely to appear in kyphoplasty due to lower pressure when injecting the cement [18] . In addition, a restoration of height and correction of kyphosis is achieved by filling the kyphoplasty ballon. There are reports of relative restoration of vertebral body height between 0 and 90% and correction in kyphotic angle up to 9.5° [8, 11, 14, 28, 37, 40, 41] . At the same time there is a device related problem with the amount of restoration: when filling the kyphoplasty ballon a satisfying reduction is achieved in many patients. However, the resulting reduction after cementing is about 25% lower due to the partial collapse after balloon deflation [18] .
''Vertebral body stenting'' is a combination of kyphoplasty and the use of stents to prevent loss of correction after deflating the balloon [12] . No clinical data using this procedure are presented until now.
With lordoplasty we attained a better initial reduction (15.2°and 10.0°in vertebral and segmental kyphotic angle) (Fig. 8) and had less reduction loss during follow-up compared to kyphoplasty [3, 13, 30] . In addition we did not observe any loss of reduction during the lordoplasty procedure as is the case in kyphoplasty [18] .
Recent biomechanical investigations give evidence for an increased fracture risk of the vertebral bodies adjacent to augmented levels [2] . In a clinical series, Grados et al. [16] reported on 34 new VCFs after a mean follow-up of 48 months in 13 of 25 patients treated with vertebroplasty (52%). Another study with a two-year follow-up reported a 12.4% rate of new fractures, two-thirds of which were directly adjacent to the previously treated level [39] . With lordoplasty there is an augmentation of the vertebrae cranial and caudal adjacent to the fracture. So we expect a reduced risk of fractures in adjacent vertebral bodies. In our series there was only one patient with a fracture of the cranial adjacent vertebra during follow-up. This fracture was treated with a vertebroplasty uneventfully.
We also observed cases of minor leakage during vertebroplasty (Fig. 9) , as several authors reported [19, 28, 30] . However, these patients did not show any evidence of clinical signs. So we think that the risk of additional minor cement leakage during cement augmentation of the adjacent vertebrae is justified due to the benefit from the loroplastic procedure and prophylactic stabilization of these vertebrae. Last but not the least, the cost of the material is one-third compared to kyphoplasty.
There are some limitations concerning the study design: This is an early prospective, non-randomized examination of a new surgical procedure. So we had more extensive inclusion criteria to get results at an early point of time and from as many patients as possible. This led to a wide range in lordotic angle. In spite of trying we did not manage to follow-up all the patients due to the reasons mentioned above. Therefore, further investigation on patients treated with a lordoplasty is requested. We are already planning for such a study.
Conclusion
Lordoplasty is a minimal invasive technique to restore spinal function by reconstruction of vertebral body height and correction of angular deformity using PMMA cement. A restoration up to 13°can be obtained using this technique. There is an immediate relief in pain in most patients. The procedure is safe and cost-effective. Further investigation of this new technique is required.
